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POTl^'iTIAL uENtFir Of AN ADVANCED 


INTEJKATEU UTILITY SYSTuft 

»y Mdtry il. 4olL>«r 
Lyndori J. Johiti<on SpdCv> C«>nt.4r 


SUmAHY 


An ill verft ion w.is ndde ot tii*-': pot 'nti.tl Lonetit oi dn 

-i<ivdnc‘f 'l int'^jr»»«d utilit./ syataa, kmicK (.roviuc.i t h»» 
r.Ptvlcoa ot el«*c^riril powoc, hodtin j -mtl a i r-conditionxiivj , 
U 0 III Mast*^ llspor.al, anl watv.r tCHatai(fUt in a nin.jio 
lnt*-’ jrat«'d plan*’. Tl.*< system iiivontiqat* d incocpor t tes 
tf»clinolojy asniiB-il *■.•> hn available in VJ«0 (vitii Home 
do V'^lopm^nt work) to jhcvc a hypotbctical ap.trtm''fit conplnx. 

ThH inv^s* i'jat ion centurr. around an exampl** ot a 
posniole int.e<j rated syntom. Tho OKaapio chosen foaturos a 
pyrolytic process Lor ilisposal ot solid waste, closod- 
Brayton-cycle on<jin«-s ami tuel cells, solar collection, and 
absorption and compression chillers. Tne system treats 
v.’astcwater usinq a procoss that also sinul taneouslv 
removes sulfur dioxide and oxides ot nitio<jen tcom exhaust 
qasos. 

Th*' syst''»ni uses approximately 45 to hO percr^nt 1 »ss 
onerqy th«n a curr»*n* conventional system (depcndinj on 
concurrent implementation ot a ren itect ura 1 eu«t>jy- javin«j 
*’»»chni'iu*'S in thr- apirtmtint complex) and approximately 45 
percent less watr>-. Th.i system is cipablc ot usin<j several 
tessil or synth«»*ic tu'*l.-s. The sivin^s and multituel 
rapabili*y clearly indicate the potential bunetits ot tn** 
advanced int«<jrated 'itility concept in conservinj iu.:l and 
wat'^r resources. 


TNTHODUCTION 


nince the summer of 197^, the Urban Systems Project 
oitlce (USPO) at tn® NASA Lyndon U. Jonnson Space Center 
(dSC) has been studying conceptual and pit. 1 im mar y designs 
of alternate ways of providing utility services. The bulk 
of this work has been c.irriod out under the auspices of a 
Department ot Housinj and Urban Developm*nt (HUD) project 
called the nodular intejrated utility system (KIUH). Tne 
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purpose ot this pcoj»ct is to design and d*>uonstcato 
technical, econoaic, and institutional ispucts ot an onsite 
utility systen that intojcates the Cunctions ot electrical 
poM*c jencration, heat.in<^ and a ic-cond itionin>j . solid wast»* 
disposal, and wa^er procosain*^ . The purpose ot intetjcatin^ 
these functions is to optisizo the partoraance ot a total 
utility system ty recoverlnq energy iroa poaei generation 
processes and froa solid waste dispo-tal tot use in space 
heal inj, air>conditioninq, and water heatinq, and by reu.iinq 
treated was*^^«^w tt>'r for purposes otner than huaan 
consuaption. ‘''hese ^echni^ues are intended to conserve 
natural resources sum as tossil tuols and water, to 
siaultaneousl y ainiaizo the impact on tin* unvironaint, and 
to rrcpiirc a cost compatible witn that ot conventional 
systoas. 

The HUD JilU.T proorim is intended to induce 
iBpleo'Mttatlon ot th-- concept by pcivite or public utility 
s^*rvlce orqan I z Ions thinujh initial HUU-sponsored 
develops, nt and deaor at r 1 1 ion . The »lIJ.S concept is an 
• KtJXifiior. ot totil enecqy concept Initiatel in the 

lUh'^'K for onsit » power qeiieration and recovery ot otherwise 
wast’d heat to provide heatinq and ansorption air- 
condition in j . .lany .iuch plants ir*- now in operation in tne 
United States at various tacilities such as otrice huildinqs 
and aparta«-nt corplexes. 

The USPO completed a series ot conceptual designs ot 
r*TUS systems tor various types ot lacilitics, lnclu<linq 
qarden apartaents, an otlice buildinq, a shoppinj canter, a 
hospital, j school, and .1 hiqh-rlso ipirtaent. 

Subsequently, ♦^h"* application ot the HIUS to a new coaaunity 
of 100 000 people was studied. The new town ot Columbia, 
naryland, was used as a aodel. Considerable attention was 
qivon to how the phased development ot the town over .a 20- 
year period affected the optimum technique tor incrementally 
addinq utility cipacitiec. As a result ot these stu'lies, 
the characteristics ot a bisellno mus system were derived. 
The conclusion w.ts drawn tnat , coapared with 1 conventional 
utility system, approxia ituly 20 to percent eaerjy could 
he saved depen.linq on th.. circumstances ot tne application. 

During the conduct ot those technical studies, a aaitcet 
study was portormed to determine the availability of 
potential HIUS app 1 ica t ions. It was concluded that an 
aparta<*nt complex ot approximately 300 to 1000 dwelling 
units would have a good aartcet potential tor !1IUS 
applicability. A more detailed design of an !11US system was 
then conceived for a 496- and a 992-unit apartment complex. 
This work resulted in a preliminary baseline design of an 
1IUS system. 
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In addition conduct in j tt^cnnic.il otudieii, NASA hu.s 
ditto d<tni^n>d tnd L ■(jl»mt<nt c 1 j sad li -ocdlf^ version oi <in 
niUS systi'a call«>d tiio fllUS Into<jc<ition and Suts/stoas Toat 
Idcllity loccit jd dt JSC. Thia ayst^a op<'Cdtos on siauldtoJ 
••Icctrical, nt^dtinj, and aii~condit ionin-j loads anu is us«d 
to trrdt Maatt-wd» nr ml to incinorato solid Kast^». Th** 
tnst-inj pro'jraa wan l•»l.jun in '.he spring ut 1N74 and hiu 
included a wid'v variety ot tcRtn to undnestand and varlty 
potential NIUS proc*.HS»'3. 

''h i iiitnolin*' Nlfn deni'jn worK wan conducted und»<r t 
•jround ruU lapoJ“d l>y HUD that restricted tho HI US 
coapon-mtH to currer.^'ly tvailahlt atato-oi -r he-ai t equipaent 
called ”irticl'»s of comacrcp." This natriction was 
Intended io facilitate an t.arly donoojtration of th« NIU'I 
concept. Mownv?r, it io icliev»»d that, with soma 
■iPv*^lo{»m' lit work, a morn Miiclnnt and Llfxiblc i nt « ji at-nl 
utility ny:it n woull be inanibli* in a t^'w y»»ars Ly removinj 
♦■he- art ic leu- c'" -ccmm» rce constraint . To tnis end, a study 
wan made to asnoiR t uj pot iitiil ot an advanced intejratoj 
utility ^yrt^m (in'!) that applies new t»H:hnoioqy. Tlie 
result; of tna* study arj pr'-r. nt «d i •» tiiin piper. 

Nany approacie's, p«it iitiil piocrnses, and ejuipmont 
• •xiatinq or under d*> v*> lopmont could have Lion applied to 
this ntiidy. However, »hc primal/ purpose was to in vest i jatp 
the potfcntial of the advanced lUS concept to dotormin<-» its 
wor*-h for further consideration. Thec'tore, one possihln 
concept uil d^-siqn w is develops. i tor auilysis as an example 
ol an advanced without my attempt to perform a detjiled 

ir.ve.Tt iqat lor. to dot imine the most optimized dosiqn. 

rummary review ot the work don* on the La.selino UUS 
desiqn is ♦he first .section in this paper. Th * eximple ot 
an advanced IU5 in th^n uiscuasud, includin.^ tne jround 
rui«s unod in * he d.^siqti approach, a uencciptlon ot the 
various u< ili»y s.'rvices and their int'«.^r ition, noa-? 
♦■^•chniquoR I or cnnseivinq «n* r tnrouqh architectural 
deciqn, ml an iraly*"!'! oi onerqy and witftr uaaje compat*'q 
♦o UEaqp ii con vent ion r 1 utility sy.itoinr; and in the* castline 
NT US deniqn. 


Three appendixes arc included. -\ppondix A is a 
description of a technique d**v. -loped in the .NIU.S desiqn work 
tor storinj th**rnial cnerqy, appendix b is .1 discussion iit 
the uses of virioun tonsil and synth‘-tic fuels in *^ower 
'jen*>ration opticns, and appendix C i.; a li.nt ot candiilit< 
architectural en^rq y-conser vinj techniques. 


The fitudy docuiiiajitod in thi.; pap- r was accomplished by 
enqineers in the JSC Urban Systeaa project otrice with the 
author's coordinition an 1 irit* jrat ion . Various topics in 
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^he pdpor dre principally the work oL tlK* tollowin^ people: 
solid waste disposal, Richard C. Wadlo; electrical power 
•joneration, Vernon Shields and Tony E. Redding; heatin<j, 
ventilation, anJ ail ~cond i t ionin<^ , Jisws 0. Mippey; water 
tceatsont, Harwon L. Kobects; archit«'ctui al ener<j y'Sa vi n<j 
techniques and appendix C, architects c.seett white and Ray 
Uobhe of Clovin Hoientth Associatoo, Inc.; «nd cunsuaables 
analysis, Steyon P. Willin. Acktiowlailqsent is also aada to 
Alan R. drandli for coaprchensi ve reviaw and helpful 
roaBents on th<> original study docua> station and to Jiaes 0. 
Rippey and Tony R ‘ddinq tor proviui.nq appendixos A and b, 
respect ively . 

Ah an aid to th«‘ reader, where nocwnsacy tne ori'^inal 
units of aeasure hav> been converted to the equivalent valuo 
in tho Systeae International d'Unites (SI). The SI units 
are written first, and »'he otiqinal unitK are wtitten 
parenthet ically ther=*attor. 


BASFLINE hlUS UESIGN 


Ah indica*'e'1 in th“ Introduction, the aoct detail>id RIUJ 
desi'jn rerdered was lor 4^6- and 4<),!-d wol 1 in-j-unit apartaent 
coaplexoH. The desijn is sumaarizod in this section. 

The aodcl for the apartaent coaploxes was conceived by a 
team of architects under contiact to NA5>A. Titis tuaa aade 
surveys in different sections of the United States and 
developed a representative aodel. The site plan for tho 
49b-unit complex is shown in figure 1. Piquro 2 is an 
arcli itect ural retidorlnq showin j the niUS plant in relation 
to part ot th'* apartipent coaplex. The 45 000-squaro-actor 
Ml. 2 acre) site has a 10-story hiyh-rise buildinq an) 19 
throH-story qarden apartaent tuildinqs ot three ditferent 
types. To oLtain the 992-unit coapl«?x, the site pian was 
siaply doubled. 

Because ot the ettPC»-s ot weither on hc-atinq and air- 
conlitioninq deminds, the model was located in a nudian 
climato for the continental United Statew. wishinjton, 

D.C., was clios»n as ropresontat i ve ot \ aiedian cliaitM. A 
ronputec analysis was performed liy usinq Washinqton, O.C. , 
weitner data and by modelinq the structure, characteristics, 
and typical utility usaqes ot the site buildinqs; utility 
loads were ierived for electrical power, heatinq, air- 
conditloninq, solid waste, and water; and an integrated 
system was designed. 

An overview of this baseline MiUd syatea is illustrated 
in figure 1. The desiqn includes diesel engines for 
qeneratinq '•Icctricity and incinerators toi disposal of 
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r.olid proluct^d in those procosjes iu converted 

into B»e<ta 4H -\ byproduct, wiiich iit unod in three vjyH: (1) 

the Rtoat 18 U8«d to heat .t hot water loop preheatud by ;{cae 
lowor 'jrade h«at rocovored troa the onjineu and thereby 
provides tor doeestic water and npao hettin«j; (^) the atan 
is used in absorption a ir -condit ionimj , which is 
supplemented by coaprussion air-condi t ionin j to provide 
chilled water tor space cooiin«^; and (J) the unused neat 
containoil in the nteia in rejected to a cooiintj tower, whicn 
also provides heat r ject ion tor th« operation ot th« 
chillcts and the hot water loop as roi^uired. A wator tank 
is provided wherein either chilled or heated wator tor space 
condition in<j can te tciguorarilY stor**d. Tho principal 
eftect ot tills typo ot stora^t that it allows reduction 
of tho p*ak el«^cttic.il load ro 4 uired for cuopresslun cool in j 
«nd thus reduces tha ro>juired installed electrical 
f)en«ratinq capacity, (Soe appondix A tor a discun:>iun ot 
the tle-raal storije ‘echnlqu** us^d.) 

In tiie hi.'j'l'ne “in;; syst. m, potaole water la trfjtel hy 
conventional a^ans aid r.ewaqe is treated by uainj a 
bioloqicil system supploaenteil by a tortiiry 
ph y aica 1 /chem icd 1 systoa. Sluiqe is transtaired ••o tho 
1 net nuid tor tor disposi'i. The traat-tu wistowater is jtorud 
in a holdinq tank and is uaoil primarily tor cooliiiq-tove* 
hoat rejection and blowdown; it is also used tor arkeup rii'1 
blowdown for other riUS processes an! for tire protection 
an>l irrigation of th* apartaent coaplex. 

A ccnp.icison was aado between the enerqy and consuaables 
usaqes ot th** MTU*: and tnocc ot a typical con vrnt ioiia 1 
utility syst».a. TheK*> results .ir*» suaaarized in tijur^ 4 
tor the «qn-unit coaj'lex. The SUd-unit complex ohowed a 
sliqht Incroane in enorqy savinqs troa lO to id poicint. 
Also, cost conparisons with \ conventional system were oide; 
the results showr 1 that the costs ol providiliq the utilitits 
woulil bfc iela*’iveiy comparable over i dd-year i»'riol. 

Ajaln, t(,e qud-uiiit rompl.*x comptred sliqntly mor.* 

* ivorably. 

In iddition to tU3 size variitionj, * tm etiectj on tho 
“TUS system from cliuatic vuiatiois were rvaluat«a. Th* 
40b-unlt compl* X was studi>*d usinq w«*ath* r datr troai 
“inneapolis tc represent a cold climite, troa Houston to 
represent .i hot rnd wet climate, and troa Las Voq is to 
represent a ho* and dry climate. no viut at and inql y 
siqniticant chanqes w »re toquired in the ,1IUS system to 
accottnodatr these locations. The amount of enorqy saved 
wh*rn compared to a conventional system u.ctoased slijhtly 
with lititude because of the moto ettoctive use ot recovered 
heat in th* winter. However, between Houston and 
linneapolis, the enerqy-savinq increase was less than d 
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p«*cc«>n«’.. SoBo cont diffec«nco8 r«suit«d froa local coat 
indeiAR. 


ADVANCBD 1 *4 T b^.HA . tIU UTILITY lYSTCn OLSICN 


To facilitat** coapariKorto wxtti tna banoline niUS 
the apirta«>nt coaplnx a.te u::<id ah a aodel toe the 

advanced lU.S d>*3i9n ^ujRthvr witit th* Manai n j ton, 
vejtner lat » ih a r»*proo>.'ntati we aedian ciiaate toi the 
con^’lnental United ***at«R, The advanced systea pruviiaH th*j 
Haae nocvioRh as ihO': ) provided by tii«> baseline niUS uystua: 
electrical pov c, sptce neatini and coolinvj, solid wante 
dlsposil, potible wat<^r (including doaeatic water hoatiu'j), 
and wa«teaat**i troit it jnt . Hownvor, th*« syatcan lusl^jn is 
hitood on t*-chnolojy thit would h>' available by approx laatsl y 
after a r>’ariot.aJ le .taount ot dcvolopaent worl^. 

fn the tollowifej Hcct ions, sob« jent^ral ground rules 
♦hat ar>* connlderei! re.isoi.a ble cunsttalritK to the intcjrat »a 
utility jorwic«-s are listti lust. Next, an xiapiw ot an 
advinc.*>d a/ut*** , or • he ‘*9^-m,it complex in d'>scriued 
toijoth^r with »M ippiuacii to n.o i»*si jn ot auen i nyrtea, A 
detailed dijru'rsion «ir e,c.. utility s*>tvice md ita 
intertaces th n in pr»-rei,tcd. Iii ^rovilinsj i coaparisun to 
pr-'vious work, no ittespi iia.i bo-tn aade to alter tne 
apartment model troa that u^*-d in t h»* ba.'eline nillo. 

Mowevo’’, tollcwirj tli<' di acufisions ot th«- itility services, 
teclinltjuet. iC‘ pr€*n>r, t*-il tor aakiny »rch Itect ui ai ciianjes to 
tho apartB>'nt coai l^x model ,;or conserving ener<jy. finally, 
energy and watre use xn ti. ^ advanced deaiijn ire analyzed and 
compart'd to uuaqe in the LaseHn) 'IIUS and in a conventional 
system . 


GroU!ii] Hules 

7 ne tollowinq at-' 'jeiieial ground lult-s tot each ot th < 
utility s»tvlc'R. Tl .-'V at’: Intended to provide reasonable 
boundfj consist, n* wltn d-'ui inxnj an int'Mjrxted system 
CiPiLle ot heini urp leoei, t»i 1 in 19Hd. 

“ Tu el<’ctncal s/stem will 
b (>[)»>rat iona 1 1 y ind .'pendent ot iny exxstin>j qrid but 
ripifcle ot b”it)^ serviced ny a jrid tor cont i nqenci'u. Its 

r‘iiibili*y will be comparable to a conv ntional systna. 
oil amt natural or svnth«^‘tic jis will ue assuae't to be 
availabl’^. Empha.ii'. will b.* on wultiiuel capability (i.e., 
a system capable ot peiatini on more than one tuel). Heat 
recovery equipment will bt used and will be compatible with 
the hoatinij and lir-condi tioninq .ircvices. riaissions will 
b*^ conRist,>nt with applicable env ironaental quid-ilinrs. 
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Haxi«u« UBO of r«cof«rt»d fron 

<ithor utility procett'.dn Mill b* aado fur si;4cu air- 

rondit loninj, vator Tcoit*»J MaateMatur Mill be 

uBf*1 to provide boat roj**ction to the environacat rcijuir* <1 
by tue utility proce5iS«B. 


* Solid Mante troa the aparti»>itt 
coaplci Mill kt proc«'SBed onsito. Aithouqh it Mould rewult 
in Bivinq ioubII fuol enerqy, iaportin j additional solid 
Mante I roa surround li.q areau Mill not be conoiderud. 

Unusable (roducts froa solid Maste troataent processus will 
he doposited in a roaote landlill. Baissions and effluents 
Mill be ronKistnnt Mith applicable env iconaontal juidelincs. 

■ Pot aulo-Mater treat aeiit Mill comply 
Mith th« V)h2 11. i. Piiblic Health Service standards for 
drinkinq wator. Lom- m iter-consuapt ion ii**viceb for toilets 
and tihoMi rs will b* u.i«d. (Tneno dcviCMS, recently 
developed by industry, save approxia itely 10 percent vate- 
for toilets and 90 p> rcent Mator for shoMors.) «ast.'Mater 
Mill l>M tiiMted to t quality consist tnt Mit,i reuse tor all 
function!', except huam conuuaption. Ad>.quatr Mater |.ros.iure 
and ;?toi iqn lor fireti)htinq Mill be provnlod. Maot^Mater 
efrlMcnt Mill he con '.ist* nt Mith appliciblo en v ironaenta 1 
qu ide I in>*r>. A stcra Mat»r syst'^s Mill he considfero<l 
available lot effluent dispostl. 


System OvervieM ai.d Josiqn Approach 

The :?y*it.«» jtudied and prusenttd hero is an exaaple of a 
possible advanced TU;» ind was xnvesti jated to assess 
potential pel ‘.oraance. rioM techniques potentially amenable 
to an int..|rated sy.st«m for providinq each utility service 
wore ident i fieri, and one possible coabination that appeared 
to he ptoBisin.} Mas suitably inte/rateJ into an adv.incod 
s’stom. The system chosen is illustrited in ti^ure A 

..riet denciiption ot the r.ystem .md ♦ ne desiqn approich used 
.ire preji..|itod in the tollCMinq p a t a jr aphs. " ne individual 
utility ju'i vices, or subsystems, itc discus.sel in aor>* 
detail in !.ul>nequent sections. 

rwu;ause t lie apartment coapi<>x model Mas unchanjed, t.io 
advanced sy.steo must provid«j thu sime utility loads rojuiied 
for the basinline MIU.S desiqn. To ccnvr y the approxim.ite 
size ot the syjtem, lome key ile.siqn loads are presented .is 
rolloMs: peak dom*-stlc electrical load (not includinq that 

required by the utility system), IhHd ki loMatt.s; pe,iK 
heatinq load, J.U maqaMatts (11. H X 10* fatu/hc) ; p*s ik 
roollr.') load, 3H10 kiloMatts (10H4 tons); solid Mastr loid, 
Suni kq/day (12 000 Ibn/day); peak pot ible Mit«?r load, ShO 
«>/day (222 OCO jal/day); and peak MisteMater load, o9 j 
m*/day (2Jh OCO qal/day) . 
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Th»< dUv incMd sy.s^’oa dfsiijn includws a pyrolytic {iEocoaH 
for di^poral of solii wa^to. Tho fu>'*l produced by tu** 
pyrolyaiu la uae I in IumI culls to produce electricity. Th»* 
ru«, tinder of the ol^^rtrlcal power required is produced by 
hitih-ef f iciuncy clos* d-Bray ton-cycle qas turbines. Heat is 
recovered iroK the fuel cells and trua tuw Urayton cycle 
onijines and .supplearnted by heat produced by solar 
collectors on aptr*ii*nt ouildin^ roots. This heat is then 
used in •’ho sa»e thr«-e ways as the h»at recovered in ♦•he 
has‘»llne f*IUS desiyn. These nothode are roiteratud ts 
lollows: (1) ♦In recovered heat is use I to provide donostic 

wat«r and space hcatinj; ( 2 ) the heat is used in absorption 
ai r-con di t ion iny , which is suppl jmenteil by oapression air- 
condition i n j ; and (I) any unused h*4at is rejected to a 
coolinj towot, which also provides heit rejection tor tue 
chillers. Also, as ’n the baseline Hll'S systew, a wa^er 
♦ank IS irovidnd wherein »^ith*r chilled or heated water can 
brt taaporarily scored. Auain, tue principal ettcct of this 
type of stora'jr In tha^ it allows iCiiuctiou ot tne peak 
electrical load r<*<juired lor conprtssion cooliny, and thus 
r'td'icus the re'niir<d instilled electrical yeneratiny 
capacity. (Appendix A providts i detailed description ot 
♦he ♦heciaal ntoiiyo techi. iiju- . ) 


In the advanc*'<l syst o, potable wttur is truatud by 
con vent iona 1 n-*ann d-’peniliny on the untreated water source, 
f^ewaje is treated by a physic.il/cheoiicil system that 
si ■ultan»>ousl y lids in improviny anvironneuta I quality by 
sccubbiny the sulfur dioxile and oxides or nitrojen tron the 
plant stack <|a.ses whil« usiny sulfur dioxide iS a p.art ot 
♦ he wastewater tre.itiannt process. The systcB provides 
♦eril.ary qualify wtit'.r. Ui md cludyc is tr <tn jter r«> i to tne 
pyrolyjis unit tor .iisposal. Sioiilar to tne baseline llUb 
sys^e'j a porrion of the treated wastewater is stored in a 
noliinq tank md rested lor cooliny-towec beat rejection and 
tilowdown, tor makeiii and blowdown in otn^r HlUS processes, 
for tin |rot»’ction, -ind tor irriyation ot the apirtment 
coffpl..'X jround.s. 

The qen-*ral ippr.jach ii.sod in deKiynin.^ the advanced 
Hyst •B is as tollcws. The aaount ot solid waste aviilable 
ror pyrolytic proces’.iny was detTBitied, and, trom tnis 
tiytire, the amount ot tu-1 availiblr ror luel coll 
eloctricil power yeti< ration was calculated. Tlie fuel cells 
were then sized accoidinqly, and the amount ot electricity 
they could provide was subtracted rroa tne total required. 
This tiyure rupr^'pent ed tho capacity ot tn*‘ Drayton cycle 
enyines. The aaountc and teiiiprtaturcs ot recoverable heat 
tron hot 1 pow^r yen*‘»-ation processes wecv det ermin.->d. Then, 
♦he aB' afit and temp«?i a^ ur t ot heat available rtoa solar 
collect rs on th** roofs of all tne buildinys in t no complex 
wore d' ♦.'ruined ind added to the iBCunt ot heat rocovotabl'» 
^rom power yen'.Ta ♦ ion . Tlie heat required tor fiooostic water 
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houtiti';, B|> tc»> hP/tting, and cooling oy dbsocption wds 
deter Bing'd for the winter and nunacr peak conditions and ior 
the avoiagc conditions ot the tour annual seasons. 
7ecovurablr heat was insu t t Ic ient to use only absorption 
air-condi t ioni ng to satisfy the cooling desands ot the peak 
and average ounser conditions. Consequently, the reguir* d 
cospression cooling capacit y wis deterained, and tno asoutit 
of additional oicctricity roguired tros tne Brayton cycle 
was calculated. The use of thoraal storage, however, 
negated any legiiireaen^ to increase the installed power 
gen ‘’ration capacity. 

The advanced lUS water systca was designed with a 
considerably low»^r capacity than that required tor 
conventional systoas because of the use of low-water- 
ronsuaption showers ind toilets. The wastewater tteitaent 
effluent was i''ducod further Ly its reuso in the MIUS 
proco8::rK and for irrigation. Tuo aaount of sultuL dioxide 
required by the particular wastewater treataent process 
chosen was reduced by th(. aaount available troa the stack 
gases. Oisposil ot sludge was in the pyrolysis unit, 
thereby affecting th*- size of thit unit. 


:'olid nastH Disposal 

Disposal of solid waste is accoaplished by pyrolysis. 
Pyrolysis is a destructive distillation process thjt is 
conducted at high tenperature (approx iaa tel y 1DJ3 K (1400*^ 

F) ) in the absence of oxygen and that produces gases usable 
IS fuel. 

Tnf» solid waste produc.»d by the apartaent coaplox is 
assumed to be 2.1 kg/day |5 Ibm/day) tor each person, maxing 
a total of approximate! y ShUj kg/day (12 000 Iba/day) . Its 
heating valu<- is assumed to b«» 11 t>22 xJ/kg (5000 dtu/lbm) 
with a density of 1hC kg/a^ (10 Iba/ft*). The pyrolysis 
unit is also us<»d to dispose ot the sludge produced by the 
wastewater treatment process. The amount oi. sludge produced 
daily is 72f> kilograns (IhOO pounds mass) at 85-percent 
solids. ]ts heating value is assuaeii to be 2 324 ko/kg (1000 
Ptu/lbm) ol dry solids. The heating value is low hecause oi 
♦he hijn noncombust ib le chemical content ot tnc sludge. The 
gas produced by jiyrolytic disposal oi tne sludge is assumed 
to ho insigtiif leant. 

amoun* ot en'-'rgy in the 544 J kg/day (12 OOO iba/day) 
»)t solid waste at 1 1 622 kJ/kg (5000 Btu/lba) is 732 
kilowatts (50 X 10* Otu/day) . llised en current dovelopBt.at 
work by industry, at least 60 percent ot the energy ia the 
.lolid waste (approximately 4jg kilowatts (16 X 10* Utu/d<iy)) 
can he recovere>l from the pyrolytic process in the form ot 
jas. The coropon‘»nts of the. gas *ind their volumes and 


hcMting valUkS trt' Httown in t iblo I. Tho total ^roducoM 

haK 4 hodtintj valuta ot approximatHl y 16 7S5 kJ/n* (450 
ntu/£t>). In *!»*» Int *j.jr It «<d syKt.»«iii do:icrib*^d h«ra, the jds 
l« inei In h ydro j>*n-ox y jon tuul ch 11« to pcoduct- dlectncal 
pownr. Thin irorrss requires that th»-» hydcoqen in tiw 
varioun jan ronp(^n^^n* a be rotork-^d as describi^d in the n^xt 
sec*' ion . 


riectrical I’oaei* ijen^ratinn 

Fl^ctricdl power in jen««rdtcu UFinj <i coobiaatiun ot 
tuol calls ind cloned -nr lyton-cycl*' proc‘.*o»es. dot n are 
currently under developm. nt by industry, and tot n nave 
energy conv»rslon ef : icienci‘>;i oi approxiaatoly 40 percent. 

A .nlmplitied f un*'* ioi. 1 1 block vliajiai ot the power 
generation sutsyntem is illustrat'd in tiiuro o. rh*> peik 
'loctrlcal loan, li.cludlnj tl» • apartuont complex and an 
rttima*e ot the power n guiroci >nts ot tn** utility plant, i.j 
ip prox i ma tol y 20*^0 kilnw.it^j; t.i' ar.i.uil average load is 
•ipproximat. ly 12'''' kilewattn. 

The ga.s»;i iviilahlo iron tn- pyrolysis process are 
sutflcient to op- ra* i 17'1-kilowatt luol c-11. How v»-t, 
t.h« hydrogen must bo renovod troni U.. vari-aus jases witn i 
r»jfor»»'r. (A r-form-r process usee .itoam and a catalyst to 
change on® hydrocirbon compound to another; in tnls cast, it 
would he used specitlcally to remove nydro-jen Iron 
hyurocar''on compounds. Th#» reformer process is consitlered 
In the ovorill '»r'-perc<>nt etficioncy ot the- tuei cell.) Tne 
fuel cell ptoduc's -H roct current, waich is converted to 
altornating current wi*h an inverter. Heat irom tae tuel 
cell operation is recoveiaule trom two sources: (1) hot. 

water at a temperature of approximately 119 K (157° K) from 
the exhiiist.s *he coll stacKS and trom tne refocsier, and 
(2) low-pressure steam at a tepp-*ratur e ot ap prox iu a t el y u 16 
K (125° F) from tn*» cell-stack coolint loop. 

The smalle.Mt Priyton cycle prime movers tor wnicn design 
uid estinititpd per forma nc.^ data are currently available are 
rate-1 at 127C kilowatts. Consequently, to satisfy *ho peak 
lead of 2C57 kilawat*-s, * wo 1 200- k ilowatt prime 
mover/'jenerators ire rejuire-l. A third and possioiy i 
tour*h prime move r/g - ti'»ra tor would used tor standby 
redundancy; that is, tor contingency or planned outages, 
bec ause t hn closed irayton cycle uses .jxternal coionust ion , 
i* can operate on any of several tuels, suen as oil or 
natural or synthetic gas (includin«| pyrolysis ^as) or it can 
even u %•' pulvfri7.«- l coil. (:>ee appendix b toi a -liscussion 
on . ) Ho it can be recovered in a temperature range 

from .*<4 to 4 16 y. (7'o to 125° F) , as desired, by using a 
hea* e;»clidnger b‘twe‘'n the recuperat«>r and tne compr-'ssor. 
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Th«> fu^l r>^ll Mill provide ipproxiajtel y IS percent ol 
t.iie <*nnu^l el^jctrictl doidiid. HoMever, in thiu particuldr 
systea, beciuao t mo driyton cycle eiitjxnes can provide 
kiloMdttn aor«^ poMer thdii the pe.ik Joaund, <i tuel cell is 
not needed. The pyrolysis jases can ue used in the Hrayton 
cycle Mith approi laitol y tne saao conversion etticioncy. 
Nevertheless, there »rf? applications tor Mhich additiondl 
solid waste can he imported, or the poMor protiles aijht ne 
such tuat the li|ol coll Mould be. a aorc appropriate poM€>r 
ijenorator supply peak load.t or to reduce installed 

capacity ot rot*tin»j aachinory). 


Meatinj, Ventilation, and Air -Condit ionin<j 

The heatinj, ventilation, and air-condit ioninj (IIVAC) 
system aaiiaijes available enonjy In the torn ot recovered 
heat troa the Btayton cyclo endinoo# tn<? tuol cell, and the 
solar collectors to supply enci jy ieduir»*d tor spaco 
heatinj, space cooliiiq, and donostic Mator h*Mtin>j. The 
daily space heating and cooling loads vary Mitli the Mwatiier, 
Mhereas ‘he domestic hot Mator load id constant throujhout 
the yeir. Th« HVAC loads wero d^rivod by computer •itialysis 
considering onvlronm-'iital conditions, buildiJi^ construction, 
and occupancy. The loads are shoMn in t ible II ly season in 
terms ol the enoryy toijuited rotorencod to an indoor desids 
temporatui** ot 29ft K (7b° I'). In addition, yearly heatin>j 
ard coolintj peak loads that occur on ''design” Mintor and 
nuimoc days are used to size the equipment installed. These 
loals are <400 klloMatts (11. H X 10* btu/hr) tor heating and 
J810 ktloMdtts (10H4 tons) for cooling. 

Brayton-cycle-onglne and tuel cell recovered heat, Mtiich 
l.s unable tor HVAC functions, can he divided into 
temp-*rature ranges ot 119 to 394 K (150° to 250° P) and 
greater than 394 K (250° F) . Solar collectors are assumed 
to cover HO percent ot the total root area ot each apartment 
complex buildini it i fixed slope ot 40° (the approximate 
latitude ot Washington, D.C.) and ace curther assumed to 
supply hot Mator at 365 K (200° F) Mith a 63-percent 
collection etficiency. This reasonably attainable 
jerfocmance should b achievable in the next lev years (ret. 
1) . The clear day solar insolation values (ret. 2) Mere 
adjufjteil for seifjonil averages, surface angle, and ettect ot 
average* cloud cover. The seasonal recovered heat trom the 
three sources is shovn in table II. 

In matching the recovered he.»t Mith the load 
requirei^*nts, the domestic hot water was assumed to have an 
Initial temperature ot approximately 289 k (60° F) and to 
require neating to 339 K (150° P) . The temperature required 
for space heatinj is flexible in the 319- to 394-K (150° to 
250° F) range beciuse temperature drop and tan coil size are 


v<irl<ibl(>. Foe sp4Cii cooLintj, pxlstin>j dbsocptiun chillers 
retjulr** hot water or ateis at a t onpor itur«f ot approx liat«? y 
1*14 K K) . How.'vcr, low-trspor ituro absorption 

chillers are l.flnij 1**velopO'1, anfl units capable ot uaintj 
water at a tenper »t m e ot ISS to <b1 K (1H0“ to 190° F) »n«l 
operiMn*j a coetticient ot pertoroinco ot appt ox isatel y 
O.S should he aviilablc scon (ref. 1). 

The avor.i JO soaaona’. results ot mitcltin 9 recovorod hout 
to load te'juirc»'’ntE are shown in taniu II. The rosulta arc 
bised on usli »9 i water tank tor thermal storajw ot cither 
recovered heat cn cool days or cnill»?d water produced by tn • 
air-con>lit ioninij units on warm days. Th» seasonal energy 
comparisons show that th*^ n* is sutticiunt recovered heat 
enerdy to meet th-^ total HVAC re.|uit<*monts during t»ll, 
winter, and sprin j. Durin-j the average sumiaci day, 
compression cl.illors are ri<juirGd to provida approx ima*' tl y 
40 percent of *-h' a i r-condi t loniiiq . 

For t h* worst-ca;:^ conditions, on a design wint-»r day, 

71 005 meyijoulos (7' X 10* Utitish thermal units) ot niHtyy 
must be ptovifloil tror tnirmal storavje to meet spaco-he it iny 
and domestic hot wat.'r denaads. On a design summer day, 
again using tliermal storage, approximatrtly 64 p-?rccnt ot th- 
air-conili tioning deirmd must be provided by compression 
chillers. Conseguent ly , ot the total air-conditioning peak 
demand ot 391C kilowatts (10H4 tons), ,J44 i kilowitts (69^ 
tons) of compression and 1J71 kilowatts (J90 tons) of 
absorption oust be installed. 


Water Treatment 


The wdtoi subsystem provides potaule water and 
wastewater treatment for the apartmef,*, compiox and for the 
utility system. Pot ibl u- water loads include tesidentiil 
leman Is for kitchen, laundry, bath, and toilet functions and 
exterior dt mands tor reci e.^tional use (swimminj pools) and 
tor carwcishing. Th<^ potable-uater usage was detorminoi 
assiiffliug use ot low-water-corasumptioii devices, whicn reduce 
water rogui roirents tor showt-rs and toilets cy 90 and 10 
petreat, respectively. Variation of pot at le- water loads 
wirti seasonal ejc^criot demands produces averaje daily water 
usages ot 447 m^/day (118 000 gal/day) in the summer, 420 
mt/day (111 COD jal/lay) in the tall and spring, and 397 
m-t/day (105 COO jal/day) in the winter. 


For potable- water treatment, the design is dictated by 
tlio nature of th« water source; the advanced lUS water 
system (which is essentially a conventional system) has a 
capacity ot 130 percent ot the averaje daily demand. For a 
surface water source, the system includes chemical 
clarification, filtrition, and chlorination processes. For 
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d (ground watnr ?ioul'C^ , the cheaical c La cil lea t ton and 
filtration steps are not r*.-<|uire(l . A siaple 8Httlin<j tanx 
havinij a l>hour retention tiac aay bn added it nacossary. 
Depending on the sperific application ot the lUS, potable- 
wator treataent say or aay not bo required; if it is rot 
included, no other suboystHa is affected. 

Want Mater loads include the residence doaands but nut 
the cxt>«rior deaandc. Inia load taounts to an avera>je ot 

at/day (1CU ^00 jal/day) . Mowevor, th*‘ witer used in 
my blcwdown process within th • utility systea, particuliily 
in coolincj tower, nust also be included. This load 

amounts to 42 m>/day ( 1 1 000 ^»l/day) tor an aver aye daily 
total ot 4.18 at/day (115 000 <jal/day) . Tut wastewitor 
treataont effluent ic retained and used tor t iro-prott,ct ion 
storiqe, for irtlqation ot the apaitaent complex grounds, 
tor cool 1 ny-tower aalceup water, ind tor a small amount ot 
otner MIUS proces3-w»ti»r mak* up. The f iro-protoction 
storayo is sized at 232H cubic meters (615 000 yalions), an 
amount based on requirements In tho N»tional Board ot Fire 
Underwriters Handbook. This capacity will more than satisfy 
♦ he rt'juirem'^nt s tor irriyation and neat reject ion wJiich, 
aqain, are seasonal ml peak in the summoi at 17 and 12S 
m’/day (4400 and 34 >'•00 jal/diy), respectively. These lujds 
also account for reductions in the potable- water demand as a 
result ot reus''. 

Wastewater treatment desiqn requires an eftluent quality 
accept ible tor both Itscharqo to the environment and reuse 
for process water and Ircljation. Ayain, the desiyn 
capacity is 13'' percent ot the avetaje daily demand. The 
processes are illustrated senem it leal ly in tiyuro 7. Key 
components that interact witn other subsystems include tho 
sulfur dioxide and oxides ot nitroyen scrubbiny towers, 
which remove tne pollutants trom the power yenetation 
exhaust qases; tne, eftluent holdinq tank, which retains tne 
treated wastcwat«*r for reuse in utility system processes and 
in irritjation an<l holds ^328 cubic m*!tecs (615 000 jillons) 
firr«watci; and tiie sluiye dryiny (dewateriny) unit, whicti 
uses a solvent tor oxtractiny solids tioin the liquid and 
thereby reduces tho volume ot sludye tor ultimate disposil 
in the solid waste subsystem. The sultur uioxide scrubhar 
(includiny the iron contact tank), the oxides ot nitroq»-n 
scrubber, and the sliidje dewateriny technique are currently 
in the development stayo. The o*het processes exist. 


Architectural Eneryy-Savinq Techniques 

In addition to the HUD ytound rule that miUS components 
be currently available equipment, no cnauyes in conventional 
arch i tect ut al practices wore permitted in huildinqs to be 
served by the *1IUS. This limitation tacilitates comparisons 


between the niUS anJ conveotxoiidl utilities but ^cuvcnts 
<tcbiavin«j aiJitlondl onergy and wdter savings. Alchou<jh 
water loads were reduced, the analysed ot the advanced lUS 
were pertorsed usin<j the electrical and HVAC loads Cron the 
baseline niUS deni<jn. This aetbod did tacilitate energy 
ccsparlsons, which are presented in the lollowinj section. 
However^ the extent *-o which tuildintj energy loads could be 
reduced throu^jh irchitcctural innovations and buildin>j- 
systPB chanjes tlso was i n vest l«jated. These investigations 
did not inclv.'d« certain itesj; normally subject to 
architectural desivjn but troatod in the previous utility 
systHit discussions ('.q., reduction or hot water demand and 
alternate HVAT systems). 

At the stirt, a comprehensive li..t ot candidate rnorqy- 
coici'^rviaq technique;; was compiled as saown in appendix C. 
These ♦echniques then were analyzed to determine their 
^'nerqy and cost impacts. Credible cneiqy-sa vinq methods 
did not ddver3“ly attect iitestyles wore considered 
viable. Iporjy loads comput-*d Luc tne baseline MIU3 system 
wer" used to detuiBine potentiil ene/qy savinqs attainable 
thtoujh t h*^ use of candidate technique*. Then, the 
followinq con*;f ra ints wore applied. 

1. The rn->rqy save<l had to ue siqniticant (i.e., more 
than 1 percpn ♦•) . 

2. The method had to be economical and marketable, 
havinq no more tiian a 20->fcar life-cycle payback period. 

1. The techr.iqm- had to preserve an acceptable 
lifejitylo in a IdflO urban environment. 

In determining life-cycle costs, the following assumptions 
and computations were made. 

1. Construction costs Lor l^dO were used and were 
assumed to escalate at S pc-rcont/yr from 1974. 

2. fuel COST’S tor 19H5 w«ie used and were assumed to 
escalate at 7.’’) perc'nt/yr from 1974. 

1. The fuel quiPtities saved wore determined oy 
computinq the load savinqs in the apartment complex and thou 
applyinq conventional-plant efficiencies. The efficiencies 
used were as follows: electrical pow 'r generation includinj 

transmission losses, JO percent; boilers, HO percent; 
compression-a ir -cond i t ion inq coefficient ot performance, 

4.0; lipatinj distribution losses, <». < percent; and coolinq 
distribution losses, l.fl percent. 

4. Reduction of capital equipment costs tor 
conventional utilities was consistent with load reduction. 
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Th<> uiaplf 1 i t tfcycl«* (layhacK purioU tot 4 toctinitjuc 
then Mtr c<tlcu) t>y diviillng tho c.ipltdl cost ot «tach 

■odif iCAt ion hy th»> y^.irly cost ot tb*« turl saved. The 
follOMlntj fcrsul.t w.in used. 
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whor ' T irt layhick t i»e in yoais, i is the 1‘trtC 
ccnstruction Cvist t ictor, h is th'' ditt •lonti.il capitii 
coot of the tcchni«]u- , D is tnr di 1 1 1 r »'itt i j 1 capit. 1 l coot 
ot .1 conv»-nt ionil utility plant bised on th< load taduction, 
y Is »h- put*! fuel coot t.ictoi', 0 u t no enot.^y .-iavint ia 
•Joules (ncitish thoraal unit.)) prr y-*ar, U is t lit 
convaut iohal-j lant efliciency, ind t la t ai tucl on»t.jy 
cost p.'c joulo (nritish th«>ra.tl unit). 

Talil* 1(1 cont.ii!to a list ot r>*a.~>on thli t k.cun i iue .0 trcn 
*ho Ciindidateo tot vhich litc-cyclt: payback 

ti«ejj M 0 l» coapu»ed. I'oi H.ich t cchni cju»*, tho table Hhov . 
percent load reductions at the apartaont liuildin*js, the 
capital cost of the techniqui', ind t nc cost ot luel save I 
annually. Pi jure fl i 1 1 uot ra t os the Hdr«..jatod otiect ot 
*^hese nodit teat ions Lut, a>jain, does not include itcas 
nornally subjirt to archifectut al de.;i.jn but tie.tted in the 
previou.s utility system discussions. 

In .summary, thi? i n vest i«jat ion indicates thit total 
•innual en»*i jy load reductions ol 14. h percent can ba 
achieved vithout any s’lbstantivi chat. )os in litestyle, .md 
tliat the ad lit ton il capital cost cau-ied by those 
modifications could b." piid back in •* years by tn*> euerijy 
cost .:avin»)3. 


Consumahl es Analysis and t.'empa r isons 

An analysis was made 01 enervjy and watei usaje m t n** 
illustrate 1 advance<l I'.is, and re.iults w >r» com|.arcd to tho 
base) ino Mllir. .system and to a typical conventional systtn. 
"■h*- seasonal an<i innual eneijy r'vjuitomrnts toi a 
ronvontional system, the basoline fllUS, and t. ne advanced III;* 
are pfo.Hented in table IV. The conv-n*iunal system desi jn 
assumed 1 Id-percent eic»ctrical power etticioncy (includiiij 
transmission losses). It was turthet issumed Uiit a central 
MVAC plant would be* locateii it ttie apartment complex ind 
that the {lant would use coupros.sion 1 1 1 -cond 1 1 lot i n.j hivin<) 
a coefficient or perlotmance ol i.O tor coolin-j a'ld .in HJ- 
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icion* boilec s/ctea tot TI»m d<iv«ncod 

lUJ c«"]uiron 1'^ {M)rc nt U'sh luoI diinually ttin iii«> 

"lUii syntp* and 4h pr>rc:tfiit ii*Ha tuol •tnnually ttun the 
conv *nt iuna 1 synt^a (tiblfc IV). 

A niail'ir coaparison tor pot 4 bIe-H.tt»tt tt^>)Uii »*aoi.ts 'ind 
fcL ^t'fdtrd wantrwdtrii etflucnt diB(o:i»*d ot r*iiviiona»>nt4Lly 
lo Mhowh in tihl' V. Th*^ -tdvanc-'d IU3 enables B-ivin-js ot 17 
I'^cron*^ putdbl'* ccapiti'd to baceiiriM Mystea 

and 44 p^*rc«nt potable «it-r coaparet to th*» conventional 
nyntea; th* advancod lUS rnabiea :taviii.j.{ oi 4J aiul 47 
percent, respect I voly , La vaatcvatet ettluont. 

The :tolid wa'tte rcoidu^ lequlilnj iXMpoaal in 
csa‘»ntidlly th* Baao in both t»»e advmceii IU:i and ta^ 
baseline MltJS system. In both c lOCs, ippto«iaatoly J94 b.i5 
kilnjtiao (4 j*> tons) ot solid wijto r ‘aidui* la temoved 
annaaily. Thio valu*- r<*pr-*8-ntH an dO-porcent reduction ot 
Holld waste t’aovtl rejuir*'d in a convoat lonal s/atem. 

If the ircal» <'ct ur 1 1 en« r >jy- » tvihu t<chni.)ue.s (iteas A, 

H jnl C, D, I, »nd n in table III) wore iapleaented in 
conjunction with the idvanc*'d IDS, an enor«jy oavin.^ ot 54 
pi^rccnt conpar*! to ’no convoational syatoa could bo 
achieved. Ku rth-^rmorc, it ainual-«Jot roat let i i>jec.tturs and 
control ied-extrrior-.i Ir-c Irculatlon t ►•chn H)U''k wore included 
froa tabic III, an eier^y savin^) ot Si percent coapared to 
the conv-nt iont I system could he achieved. The latter 
t*chn i ')U«’S were del»ftel because of tae litestylc and cost 
payback criteria, respectively, but would be viable 
considcrat ions. 


CUNCLU310NS 


In this paper, the potential ot an advanced i nte.jciat >d 
utility system ha.a b'M*n ir.vust i jat cd uoin>j an illuotrativ* 
system by which tochnolojy assua <i] ♦ > L« availikle la I'idO 
was applied tc S'TVe' a hypothetical 99J-unit apartmefit 
coaplex. Thir invoo» i<jat ion ftoduccd th*; tollowini) 
ccnclusions. 

1. An advincad jnt>?jiatod u^ili’’/ .jyst*)« could censoeve 
approximately 2 ') percent more enoryy than an integrated 
utility system usin j current tcchnolojy, and it could 
conserve approximately u5 percent of the onoryy now used ry 
a typical conv*nticnal utility system. 

2. It arc»iitoctural onei ijy-savir.s) tuChni^ues were also 
introduced, th> apar*’*ent complex could be served with 
u*'illtios uiiin.j ipproximatei y 55 to nd nercotit lass enerjy 


than d ^yplCAl current conv<*ntioiid 1 without 4ny 

cit^niilcart chinj" in li(**stylo. 

). ddountn uC pot.ihlc wat«>r re<|uii>'4 and trotted 

wiat^witMt roturnod tnc •*nvlconnont could tc reducod by 
diiproxln»tnly 44 and 47 ,j«ccpnt, rospocti vol y , 

4. K Kyn^ ia having <t aultitursl cipability can ha 
upnl'jiiod to us*^' tny ut dpvpcal toras ot Losbil or :tyiitht*tic 
turln an availible. 

•j. A w»3t<'wa»'pr tmtacnt ayatoa can lp desi'jii-til to 
Include piocpsnpH which ilso roaovc uuliut dioxidP and 
oxiips ot nitrojon froa • xliaust atid tn*-rpty 

niaultanc'ounly enhance environaHtital juality. 

ft. Al*'hou^jh coftt ••Rt.inatts ot t.ip advanced intojratoJ 
^l♦•llity systca w>^c»* not determined, tn»» capital and 
naintenanco costs ot the system will unduutiteuly b»< hi>jh. 
However, those hijh costs should be ottC'‘t Ly reducod 
operatin.i costs attrioutablo to the substantially reduced 
fuel use and to increased fu»-l costs; tnat is, risiuj fuel 
costs will increise th^ cost ot operatin»j conventional 
systoas noro than for the intr<jtittd system, which consun s 
less tu‘*l. 

In <jeneril, it is concluded tnat idvanced integrated 
utility systrms have a si>jnificant potential tor ruduciii'j 
both energy and water rejourc*- utilisation. Such synteas 
ropres^-nt a lertile ar^a tot future investigations by 
governaent and industry. 


T.yndon 0. Johnson Space Center 

National Aeronautics and Space Auainistratiun 
heuston, Texas, Noveaber iI6, 1975 
1R6-02-00-00-72 
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TADI.K I.- OAILY »»YROLYSIS f.AS COMPOSITION 


r 

0<^S 1 

Vuiuiit* , 
n* (ft«) 

Hoatxnj walu*', MJ 
(Dtu) 

Hydroqpn j 

813 

(2H 

120) 

H 

224 

(7.dX 10*) 

rarhon aonoxii*? , 

4 IS 

(I** 

Jb 3) 

5 

Ibb 

(4.4) 

Mothano 


(U 

34 3) 

12 

Hf. 

(11.7) 

t * hane 

2^ 

(1 

040) 

1 

742 
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IttO 

(7.0) 

Propan** 

1 


(1 

340) 

2 

533 

(2.4) 

Carbon dioxil** 

US 3 

(1b 

000) 
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Tennis courts 



Figure 1.- A 496-unit apartment complex site plan 














HX - heat exchange^ 
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Figure 4.- Annual consumables comparison for a 496-unit apart- 
ment complex in Washington, D.C. 




Coolinq 

tower 


















Figure 6.- Simplified functional block diagram of a power 

generation subsystem. 
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i;rr'pnmTCTBiUT\’ op niB 


Altwnatinq-current bus 











igure 7.- Wastewater treatment syster block diagram. 










AT - differential tcmi)erature 

Figure 8.- The effect of architectural energy-saving techniques 
(not including utility systems or low-water-use devices). 


30 


APPENOIK A 


ILLUSTRATION OP A THERRAL STORAGE TECHNIQUE 
ny JABen 0. Bippuy 


The tollowin'j is a discussion ot a theiaal stoca<je 
syston (TSS) t»cbnique tor coolinq with particular esphaiiu 
on allowinq tor reduction in the installed electrical 
qoneratinq capacity. The illustration is tor the baseli'ie 
■odular integrated utility systes (niUS) dcniqn tor the 4N6> 
unit apartsent cosplei. (The loads tor the qN2-unit coaplex 
are, of course, siaply doubled.) 

The desiqn suanot day totdl cool in j loads and 
dbsor pt ion/coBpr«'Ssion loads resultinq tcoa the baseline 
study are shown in flqure a- 1. The absorition chillors 
would be supplied 101-kN/m' (15 psiq) steaa t roa the priae 
Bovers and thr incinerator at ter doBv^stic hot eater 
rrquii t.’Bent s were B'»t . Distributicn losses are added to the 
coaprkssion chiller roqui roaent s and equipoent selected on 
the peaK tequireaent durinq the desiqn day, i.e., H59.7 
kilowatts (2UU.6 tons) ibsorption and 127J.3 kilowatts 
(3b2.j tunn) (plus 34.1 Kilowatts (4.7 tons) distribution 
losses) coBpression. 

The design suaaer day electrical load coaponents are 
shown in figure A-2. The doaestic and auxiliary load 
profile without coopression air-conditioning and the 
profiles with conpression air-conditioning are presented. 

In the fllUS without cold theraal storage, the total deaand 
reaches a peak ot 124q.g kilowatts at 9 p.a. and 
necessitates ♦■he use of three priae-aovet/generator sets 
fro* 5 p.B. to 11 p.a. Th'' introduction ot the cold theraal 
storage capability allows only two priae-aover/generatoc 
sets to be used as shown at 104 perc-Jnt of the rated load 
for 3 hours. Such equipment can be op''ratod at overload 
conditions for short periods witnout adverse oftects. 
Accordingly, chilled water is supplied tor space cooling and 
storage m the more efficient early morning hours until x 
level in storage is reached (5623 kilowatts (1600 tons)) to 
Beet the remainder of tho design day roquireaents. tiguie 
A-3 snows the revised design summer day cooling requirements 
with storage available. The coapression capacity was raised 
from 1307 to 1406 kilowatts (372 to 400 tens) to ensure that 
storage would be completed before the tleaand period on 
storage occurred. 
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Figure A-1.- Design summer day total cooling load and absorption/ 
compression loads without storage. 
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Fi' urc A-2.- Design summer da*/ electrical consumption. 
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Figure A-3.- Cooling load distribution using storage. 








AI'PKNDIX L« 


C0*»1tNTS CN FtJFLS 
By Tony E. Mt'diJinj 


nccdii»f> of tho unc<*rtdint left Burroundinj tuturu ru*‘l 
•tvdl IdHi 1 1 1 i 08 , AH .idvdnco'.l iiittjritiii utility sym»gi couil 
provl-l»» .1 solution to th*» problos by uMt>rln>j .t lultlpl** 
fuel c<ip<ibl 1 y. Th.tt Ih, i» would bo <iffiiibl»> tot ♦ lu* 
nyato® to b»» capdblo of uain>] any o! t ho convent lon.i 1 tonnil 
fuolo find dlao nolid wanton irov coamorcitl and rouidontltl 
oourroB. The fonsll tu^ls «ay b-» oithor butn**d ditortly or 
proprocoRMiMl for uno In pow «r uonoration tnd hoatiir; 
oqulp«ent, Llkowlso, nulid waato ray bo **ith**r i nc i nor at od 
dlroctly or proproconaod to produce «i lijui-l or i j i.->*oun 
fuel, *"ho options availiblo tor altt*rntte lu*‘ln, ponaible 
*»nd-uso proronno 1 in lrit »qr»tod u^ili^y uyr.t**m«, ari l 
a«soriatod proproconn inq roqui r«'»ont.. ui> shown in tijute 
’'“i, which ln<licato8 that, wh»*roaa uanooun and petrolous 
fuoln can b“ used in virtually iny typ4* of j ower-con v'raion 
dovl.'o, coal and oolid wa..tot. i»juii. pn procesai n j b toi* 
U!i»* in any doviro other thin oxtor«ia I -co»bust ion systems, 
Thereioro, the sont tloxihlc and universal gynto* concept, 
with renpect to fuel use, would bo an ext oi na 1 -combust ion 
power-conversion nyRt»-m. Also, t h* uni|U(> advanta-^es or the 
tuel cell system (hiqh efticiency, low pollutant eBlsnions, 
quiet operitlon) Can b« obtained with all the tuel;; listed 
by means of preprocessinq . Kor intoqr«t«d utilities 
conceptual tlesiqn purpone.q, th<>reror* , a system 
i ncor porat i nq externa I -combust i on powor-conv**rsion nourcoi* 
or fuel cells (electrochemica 1 power conversion) or both 
would be ad vant aqeoiis »o demonst r i ti> tuel source tl xibility 
and system Integration possibi li* les. An desctiueu in th 
section entitled "Electrical Power nonetation," the closed- 
Brayt on-cycl e power system ind the tuel cell have been 
selected for the dosiqn anilysiR. 

Assumed heatinq valu«»s and tuel | reprocess i nq 
efficiencies are shown in t tbl*» H-I. Th* ptepiocevi.;- 
eftlciency values are bised on the n*'t caloiitic content of 
the cold (room temperature) {aodurt output. That is, the 
net efficiency is the heating vilu»» ot the product j is (oi 
liquid) at ntanlard conditions iivid<’d by the gro.is h»*atin) 
value of the input fu«*l. It should be noted that the 
efficiencies given are typical only and that many proces.s 
variables are involved, particularly with leqatd to the 
exact coB)»osition of the input fuel. 
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APPENDIX C 


CANDIDATE ARCHITECTURAL ENERr.Y-CONStHVI NG TECHNI0UE3 POK 

APARTHCNT COMPLEXES 


Th*» following list ot canUld-ite .tichi tect ural eii»»rsjy“ 
conserviliq tprhni<]ups was cun|<il«*d for evaluation in 
conjunction with the invest i>jat ion ot an advanced inte^jrated 
utility systen applied to an apartsient complex. The 
*’ochnidues selected aa viable ace indicated by asterisks. 

An analysis ot these techniques is contained iu table III. 

1. Reduce surt ice-to-volune ratio ot buildinqs. 

*a. Use more compact designs. 

•b. Use more apartments per building and tower 
build ings. 

•c. Eliminate parkin j bonoath low-rise structures. 

?., Improve thermal ch iract or istics ot walls, roofs, and 
windows. 

a. Use more el lect ive iiisulition and target, tor 
lower t herm il-transmi t ♦■anc* (U-value) lactors. 

•b. Use double glazing. 

c. Use reflective glass. 

d. Use (lenser wall materials. 

e. Use heavily textured exterior tinishes to 
increase air-tilm effectiveness. 

f. Use earth berms along exterior wall surfaces. 

g. Use root areas tor root gardens with large 
planting areas. 

1. Reduce solar heat gain in summer and/or increase in 
winter. 

a. Use light (or dark) colored exterior surfaces. 

•b. Use shading devices over all glass areas (to 
approach 100-percent shading in summer). 

c. Increase shading ot wall surfaces by more 
effective use ot balconies. 
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d. Orient huildin-js tor sol<tr he<tt <jdin. 

р. UsQ tree.*^, vinen, dnd other landucapintj eleeentn 
for shading. 

t. Reduce and/or shade paved areas adjacent to 
buildings to reduce reflected heat. 

4. Reduce air infiltration tbrougn exterior surfaces. 

a. Use revolving doors in high-rise and entry 
vestibules in low-rise structures. 

n. weatherstrip all stair doors and seal all shafts 
to reduce chisney effect. 

с. Orient buildings to reduce wind velocities. 

d. Provide windbceahs at all entrances. 

e. Design landscaping to establish windhreahs. 

t. Use storm windows. 

g. Use ♦ighter building construction to avoid 
cracks and joints. 

‘h. Use building paper, plaster, or other air- 
infiltration barriers within walls. 

•i. Use low-infiltration-rated windows and doors. 

*>. Reduce internal loads. 

a. Decrease the size of apartments by approximate! y 
10 percent. 

D. Provide for natural clothes drying on root 

areas. 

c. Use non-selt-detrosting refrigerators. 

d. tise ovens without sel f -cleaning elements. 

e. Disconnect drying cycle trom dishwasners. 

f. Use microwave ovens. 

*g. Use fluorescent lamps. 

Change building systems. 
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ct. Rocl.ila Must*? froK Kitrht>nu <tntl hatltroonu 

hi^dt eichnn^t^rii. 

b. HocircuLito 4ir throuijti act iv 4t «»1 charco.il 

f I Itorn. 


c. Fecl.iln h*>.it troa .irt*a ventilation extiauots. 

d . Circulate enterior air to the interior lurinvj 
coolini] periods. 
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